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       ABSTRACT 

  
     The mechanical properties of composite plastic bonded 
explosives are being studied as a function of hydrostatic 
confining pressure.  The flow stress and the modulus 
obtained in simple compression are both found to increase 
with increasing confining pressure.  Thus, these materials 
become stronger and stiffer with increasing pressure.  The 
sensitivity to pressure, however, decreases with increasing 
pressure.  The failure process also changes with pressure.  
At atmospheric pressure failure is primarily due to crack 
processes while at elevated pressures failure is due 
primarily to plastic flow.  Several mechanisms which may 
account for the pressure dependencies of the flow stress, 
the modulus and the failure processes are discussed.    
 

1.  INTRODUCTION 
  
      Energetic materials are often used under conditions of 
mechanical confinement, e.g., explosives by the steel 
casings and propellants by the breach and the high 
pressures during burning.  When modeling the response 
of energetic materials to planned and unplanned 
mechanical stimuli, it is necessary to know the 
mechanical failure modes and other mechanical properties 
as a function of confinement.  Previously reported studies 
indicate a change with confinement in failure modes but 
not elastic properties for compression of polycrystalline 
explosives, i.e., TNT (trinitrotoluene) and Composition B, 
a composite of TNT and RDX (cyclotrimethylene 
trinitramine) (Wiegand et al., 1991).  In addition, the yield 
strength observed with confinement is independent of 
confining pressure (Pinto and Wiegand, 1991).  While 
studies of composite plastic bonded explosives also 
indicate a change in compressive failure mode with 
confinement, use of the same steel cylinder technique as 
used for TNT and Composition B indicates that the results 
cannot be interpreted in terms of properties independent 
of confining pressure (Mezgar, M. et al., unpublished 
results). The work reported here was undertaken to 
investigate the confining pressure dependence of failure 
and other mechanical properties of plastic bonded 
explosives.  
 

         2.  EXPERIMENTAL 
  
     A high pressure chamber designed to contain pressures 
up to 138 MPa was used to study the compressive 
mechanical properties as a function of confining pressure 
(Wiegand, 2000)   Hydraulic oil was used as the confining 

medium and the sample in the form of a right circular 
cylinder was protected from the oil by a tight fitting 
tubular gum rubber or neoprene shroud.   A sketch of the 
sample, shroud and sensors is given in Figure 1.   

 
Figure 1 Side and end sketches of the sample, shroud and 
sensors for compression at constant pressure. 

The ends of the sample were against steel platens and O-
ring seals were used to prevent oil from reaching the 
sample. The samples were compressed along the 
cylindrical axis and two LVDT's (linear voltage 
differential transformers) were mounted to measure axial 
strains.  They were spaced 180 degrees apart around the 
circumference of the sample with their axes parallel to the 
sample axis.  The sample axial strain was taken as the 
average of the strains obtained from the two LVDT's.  
Two or in some cases three additional LVDT's were 
mounted to measure radial strains.  The confining 
pressure is taken here as the cell hydrostatic pressure 
before the start of and/or during the axial compression.  
Measurements at atmospheric pressure were made in air.    
 
     Axial stress versus axial strain data in compression 
were obtained using the above chamber and an MTS 
servo-hydraulic system operated at a constant 
displacement rate (Wiegand et al., 1991; Pinto and 
Wiegand, 1991). Most of the work was carried out at a 
strain rate of approximately 0.001/sec. but some work was 
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done at strain rates up to 0.1/sec.  The right circular 
cylinder samples were 3.81 cm (1.50 inch) in length and 
1.90 cm (0.75 inch) in diameter and so had a length to 
diameter ratio of two.  The end faces of all samples were 
coated with a lubricant to minimize frictional effects 
between the sample end faces and the loading platens.  
The sample temperatures during measurements were 
between 20 and 23 C and samples were conditioned at 
temperature for at least two hours before measurement.  
The dimensions of all samples at 0.1 MPa (atmospheric 
pressure) were used to obtain engineering stress and 
engineering strain.  
 
     Most of the results presented here of measurements in 
the high pressure chamber are for a composite, PBS 9501, 
containing 94% sucrose, an inert, and a binder (see Table 
1).  

Table 1 

Composition of Explosive Composites 

 
 
This composite was developed as an inert mechanical 
simulant for a plastic bonded explosive, PBX 9501, 
composed of 95% HMX and the same binder.  The 
unconfined compressive mechanical properties of PBS 
9501 are very similar to those of PBX 9501 (Funk et al., 
1996).   Some results of measurements in the high 
pressure chamber are also presented and/or discussed for 
PBX 9501 and two other composite plastic bonded 
explosives, LX-14 and PAX 2A (see Table 1).  Samples 
of the composites were prepared by pressing or casting 

(Composition B) into large billets and machining to size.  
Precautions were taken to insure that the cylinder end 
faces were adequately flat and parallel (Funk et al., 1996; 
Wiegand et al., 1991; Idar, D., private communication). 
The densities of all samples were in a narrow range close 
to the maximum theoretical (zero porosity) density. 

                    
     3.  RESULTS 

 
     In Figure 2 the compressive axial stress-strain response 
of PBS 9501 is given for several confining pressures 
(Wiegand, 2000 and Wiegand and Reddingius, 
2004).

 
Figure 2 Axial stress versus axial strain for samples of 
PBS 9501 for confining pressures from bottom to top of 
0.1 (atmospheric),  3.4, 6.9, 17,  34 , 69 and 138 MPa. 

    There are significant differences between the curves for 
the lower confining pressures and the curves for the 
higher confining pressures.  These include: a) a maximum 
stress for the lower confining pressures which is not 
observed at the higher confining pressures; and b) a 
change from strain softening after the maximum at the 
lower confining pressures to work hardening at larger 
strains at the higher confining pressures.  In addition, the 
initial slope is larger at the higher confining pressures.  
Young's modulus is defined as the initial slope at 
atmospheric pressure.  This initial slope is referred to here 
simply as the modulus at higher confining pressures.  
 
     A yield strength, taken at the point at which the initial 
part of the stress-strain curve deviates from linearity 
(Figure 2) has been found to be variable from sample to 
sample and is not considered here.  To better characterize 
the data a flow stress is taken as the stress at the 
intersection of a straight line fitted to the work hardening 
part of the stress-strain curve with the straight line fitted 
to the initial modulus portion of the curve.  This is 
indicated in Figure 2 for the data at 138 MPa and is the 
stress at which significant plastic flow occurs.  For PBS 
9501 this flow stress is numerically very close to the yield 
strength as obtained by a one percent strain offset method.  
The flow stress at the lower pressures is taken as the 
maximum stress.   
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     As shown in Figure 3 measurements as a function of 
confining pressure indicate that the modulus increases at a 
continually decreasing rate as pressure is increased. Thus, 
the initial rate at the lowest pressures is more than an 
order of magnitude greater than the rate at the highest 
pressures.   

 

Figure 5 Work softening/work hardening slope versus 
confining pressure for PBS 9501. 

polymers and polymer composites, including gun 
propellants (Hoppel et al., 1995; Constantino et al., 1985; 
Constantino et al., 1987; Ward and Hardley., 1993). 
      
     Results similar to those of Figures 2, 3, 4 and 5 were 
also obtained for LX-14 and very limited results for PBX 
9501 suggests similar behavior as a function of pressure.  
Results similar to those of Figure 2 were also obtained for 
PAX 2A.  While detailed results for these three 
composites will be published separately the stress-strain 
curves for unconfined and confined PAX 2A are given in 
Figure 6 (Wiegand, D. A., unpublished results). 

Figure 3  Modulus versus confining pressure for PBS 
9501.  
 
A similar rate of increase with pressure is found for the 
flow stress as shown in Figure 4.   

 

 
Figure 4 Flow stress versus confining pressure for PBS 
9501. Figure 6 Axial stress versus axial strain for PAX 2A with 

confining pressures from bottom to top of 0.1 MPa 
(atmospheric) and 34 MPa.  

     However, there is too much scatter in the present data 
to determine if there is a simple relationship between the 
modulus and the flow stress as a function of pressure.  
The maximum slope of the stress-strain curve in the work 
softening/work hardening region increases from negative 
to positive values with increasing pressure and the rate of 
increase with increasing pressure also decreases.  This is 
shown in Figure 5.  Thus, the whole stress-strain curve 
becomes less sensitive to pressure at the higher pressures 
of Figure 2.  There is considerable spread in the work 
hardening slope at 138 MPa as indicated by the large error 
bars of Figure 5 at this pressure.  The error bars of Figures 
3, 4 and 5 are the standard deviations of the measured 
values.  In these figures each point is the average of the 
results for two or three samples with the exception of the 
points at 3.4 and 17 MPa which represent the results of 
only one sample.  Increases in the yield strength and the 
modulus with increasing pressure have been reported for    

 

For PAX 2A the stress-strain response has continuous 
curvature (see Figure 6) so that linear regions are not 
clearly identifiable.  Therefore, the strain offset method is 
used to obtain a measure of the yield strength and 
modulus is taken as the initial slope of the stress-strain 
curves.  The work hardening coefficient is taken as the 
average slope at larger strains.  
 
     The strain softening at 0.1 MPa (lowest curves of 
Figures 2, and 6 has been attributed to damage due to 
crack growth processes (Dienes, 1998; Wiegand, D. A., 
unpublished results). Therefore, the results of these 
figures suggest that this crack growth does not occur at 
the higher pressures where work softening is not 
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observed.  Thus, there appears to be a shift from work 
softening due to crack growth at low confining pressures 
to work hardening and plastic flow at higher pressures.  
The photograph of Figure 7 shows pictorial evidence to 
support this postulate of a change in failure processes 
with increasing pressure.   
 

Samples 

 
Figure 7 Photograph of deformed samples of PBS 9501 
and a reference plastic sample of the same dimensions as 
the PBS 9501 samples before deformation.  From left to 
right: sample compressed axially with a confining 
pressure of 0.1 MPa; plastic reference sample; samples 
compressed axially with confining pressures of 138 MPa, 
and 69 MPa.  The maximum axial strain differs for each 
sample.  The sample deformed at 138 MPa was graphite 
coated before deformation. 

 

The sample compressed at 0.1 MPa shows extensive 
surface cracking while the sample compressed at 69 and 
138 MPa show no evidence of surface cracking.  The total 
axial strain was different for each sample of Figure 7 and 
it is clear from the figure that the retained or permanent 
axial strains also differ for each sample.  The sample 
compressed at 0.1 MPa has, in addition to extensive 
cracking, a large radial expansion at the bottom but 
negligible radial expansion at the top.  A gradient of 
radial strain is often observed for this type of sample, this 
amount of axial compression and this confining pressure 
(atmospheric).  The permanent axial strain for this sample 
is -5.2%.  Gradients of radial strain (barreling) were also 
observed at the lower confining pressures (not shown), 
e.g. at and below 34 MPa but surface cracking was not 
observed with confinement.   

The results given in Figures 3, 4 and 5 indicate 
that the modulus, the flow stress, and the work hardening 
coefficient increase with increasing pressure.  At 138 
MPa and a strain rate of 0.001/sec. the estimated yield 
strengths of PBS 9501, LX-14, PBX 9501 and PAX 2A 
are less than but approach the value of aluminum (at 0.1 

MPa) and are small but non trivial fractions of the value 
of steel (also at 0.1 MPa) (Handbook of chemistry and 
physics, 1945). In addition, the yield strengths of these 
composites have been found to increase significantly with 
increasing strain rate so that at the higher strain rates 
encountered in field use the yield strengths approach even 
closed to those of metals.  Therefore, at the higher 
confining pressures used in this work these four 
composites have some metal-like properties, i.e., they fail 
by yield and plastic flow, exhibit work hardening, and the 
yield strengths of all four at the highest pressures and 
strain rates approach the values of metals.  This behavior 
is to be contrasted with the sometimes brittle ceramic-like 
properties when these types of materials are unconfined 
(see Figures 2 and 6). 
 

           4.  DISCUSSION 
  
     General considerations for a discussion of the pressure 
dependence of the stress-strain curves of composites 
include the following: a) the pressure dependence of the 
mechanical properties of the individual components of the 
composites; b) the effect of pressure on the interfaces of 
the composite; and c) the effect of pressure on defects 
such as voids and cracks (Hoppel et al., 1995).  For the 
composites under consideration, the mechanical 
properties of interest here for the polymer component are 
expected to be a function of pressure while the same 
mechanical properties for the crystalline components, i.e., 
sucrose or HMX are expected to be insensitive or 
independent of pressure (Hoppel et al., 1995). A 
discussion of the pressure dependence of the modulus is 
followed by a discussion of the pressure dependence of 
the flow stress and the failure processes. 
 
4.1  Modulus  
 
     There are several factors influencing the pressure 
dependence of the modulus including the following: a) 
finite elastic strains; b) collapse of voids; c) changes of 
the glass transition temperature; and d) the relative 
contributions from the binder and the explosive or 
sucrose.  Because polymers are softer than many 
materials, the strains are larger and in many cases it is 
necessary to consider finite elastic strains rather than the 
more usual infinitesimal elastic strains. When this is done 
the modulus is found to increase linearly with pressure for 
the conditions of this work (Hoppel et al., 1995). The rate 
of increase with increasing pressure is dependent only on 
Poisson’s ratio (at atmospheric pressure) and is between 
approximately three and eight. The initial slope of the 
curve of the modulus versus pressure for PBS9501 is 
about 400 (see Figure 3 and attendant discussion) so that 
finite elastic strains can only account for a small part of 
this initial slope.  However, finite elastic strains may 
account for the slope at the highest pressures of Figure 3.  
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     The collapse of voids and cracks may account for a 
part of the initial increase of the modulus with increasing 
pressure.  The porosities of the undeformed PBS9501 
samples are estimated to be between 2% and 2.4%. and 
the modulus is exponentially dependent on porosity for 
some types of porosity (Wang., 1984; Wiegand and Pinto,  
1991). However, measurements of a group of PAX 2A 
samples pressed to a range of densities indicate a change 
of only about 22% in Young’s modulus for a 4.2% change 
in porosity (Wiegand, D. A., unpublished results). In 
addition, data for a group of Composition B samples 
indicate a change of Young’s modulus of 63% for a 
change of porosity of 2% (Wiegand and Pinto, 1991). 
These results suggest that only a part of the modulus 
increase for PBS9501 with pressure as given in Figure 3 
can be associated with a decrease in porosity.  It is also to 
be noted that for the collapse of porosity to account for a 
significant part of the initial slope, Figure 3, the pores 
must collapse at relatively low pressures compared to the 
much higher pressures used in preparation by pressing.  
Measurements at elevated pressures as a function of 
porosity would be useful in determining the role of 
porosity in the pressure dependence of the modulus. 
 
     An increase in the glass transition temperatures (Tg) 
with pressure can also cause very significant increases of 
the modulus under appropriate circumstances (Hoppel et 
al., 1995; Patterson, 1964). Since the Tg's of most of the 
composites considered here are below the measurement 
temperature (see Table 1), increases in Tg will result in 
increases in the modulus (Wiegand, 1995).  
Measurements of the modulus as a function of 
temperature in the vicinity of the Tg would be helpful in 
determining the magnitudes of increases that could be 
expected.  Of course determining the pressure dependence 
of Tg would be especially valuable in resolving this 
matter.  
 
     As noted above it is also necessary to consider the 
relative contributions to the modulus by the binder and by 
the explosive or sucrose as a function of pressure.  The 
total strain can be considered to result from displacements 
in the binder and displacements in the explosive or 
sucrose.  The component of the total displacement due to 
the explosive or sucrose is expected to be independent of 
or insensitive to pressure.  However, the component of the 
total displacement due to the polymer in the binder is 
expected to decrease with increasing pressure since the 
modulus of polymers has been found to increase with 
increasing pressure (Hoppel et al., 1995).  Thus, the total 
displacement and so the total strain is expected to 
decrease with increasing pressure.  Hence the modulus of 
the composite is expected to increase with increasing 
pressure as observed.  The temperature and strain rate 
dependence of Young's modulus at 0.1 MPa indicates that 
the polymer in the binder plays a very significant role in 
determining Young's modulus at this pressure (Wiegand, 

1995). However, as pressure is increased and the 
component of the total displacement due to the binder 
decreases, the component of the total displacement due to 
the explosive will become more significant.  Thus, at 
higher pressures the modulus is also expected to be less 
sensitive to pressure as observed.  Therefore, the observed 
increase of the modulus with increasing pressure and, in 
addition, the observed decrease in sensitivity of the 
modulus to pressure with increasing pressure may both be 
due at least in part to a decrease in the component of the 
total displacement due to the binder as pressure is 
increased.  Measurements as a function of temperature 
and strain rate at elevated pressures may be useful in 
determining the importance of these processes in 
determining the pressure dependence of the modulus.   
 
     In summary, the increase of the modulus with 
increasing pressure may be due to several factors, i.e., 
finite elastic strains, the collapse of porosity, an increase 
of Tg, and a decreasing contribution of the polymer 
binder to the total displacement.  Additional work is 
clearly indicated to determine the roles of the mechanisms 
considered in the increase of the modulus with increasing 
pressure. 
 
4.2  Flow Stress  
 
     At atmospheric pressure (0.1 MPa) it is clear that crack 
processes take place during compression (see Figure 7).  
It is also probable that some plastic flow occurs because 
of the shape and condition of the samples after 
deformation.  It is to be noted that crack growth and 
plastic flow need not take place in the same part of a 
composite.  For example, cracks may be primarily 
interfacial while plastic flow may take place primarily 
within one of the components of the composite, e.g., the 
binder.  With increasing pressure the results suggest that 
crack growth is decreased and that plastic flow is 
increased.  In particular, surface cracking which is 
observed without confinement is not observed when 
samples are confined (see Figure 7).  In addition, it is 
found that the fractional density changes on deformation 
under confinement are very small compared to the 
fractional changes in dimensions, thus suggesting that 
deformation takes place at approximately constant 
volume.  
 
     It is expected that the stress required for crack growth 
will increase with pressure because of the observed 
increase of the modulus.   There may also be an increase 
in the effective surface energy because of the additional 
work that must be done against the confining forces to 
create new internal crack surface area.  This will also 
cause an increase in the stress required for crack growth.  
Thus, pressure inhibits crack growth and so the observed 
lack of surface cracking at elevated confining pressures 
and the shift to deformation by plastic flow is not 
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unexpected.  Therefore, there is a brittle-like to ductile 
transition as pressure is increased.  Many brittle materials 
become ductile under hydrostatic pressure and a similar 
transition has been observed in other materials (Wiegand 
et al., 1991; Pinto and Wiegfand., 1991; Hoppel et al., 
1995). 
 
     The initial increase of the flow stress with increasing 
pressure at low pressures is, therefore, most probably due 
in part to an increase of the stress required for crack 
growth with increasing pressure.  However, this increase 
may also be due in part to the transition of the failure 
mechanism from primarily crack processes to primarily 
plastic flow.  The increase of the flow stress with 
increasing pressure may also be due to some of the same 
reasons as the increase in the modulus. The yield strength 
has been found to increase exponentially as porosity 
decreases in the same manner as the Young’s modulus 
(Wiegand and Pinto, 1991; Knudsen, 1959). The flow 
stress considered here is expected to have the same 
porosity dependence.  In addition, the flow stress may 
increase with an increase in the glass transition 
temperature since the failure strength increases as 
temperature is decreased in the vicinity of the glass 
transition temperature at atmospheric pressure (Wiegand,  
1998) And finally yield in the explosive or sucrose may 
become more significant as the yield strength of the 
binder increases as pressure is increased, thus accounting 
in part for the decreased sensitivity of the flow stress to 
pressure at higher pressures.  Some of the yield 
relationships developed for polymers as a function of 
pressure may describe the pressure dependence of the 
flow stress observed in this work (Hoppel et al., 1995). 
 
     In summary, the same mechanisms which may 
determine the pressure dependence of the modulus may in 
part determine the pressure dependence of the flow stress.  
However, the pressure dependence of cracking appears to 
play a significant role in the pressure dependence of the 
flow stress at least at the lower pressures.  Microscopic 
studies of deformed samples as a function of pressure 
during deformation should be helpful in determining the 
importance of crack processes. 
 

5.  SUMMARY 
 

The results indicate significant increases of the 
modulus, the flow stress, and the work hardening 
coefficient with increasing pressure and the sensitivity of 
all three of these quantities to pressure decreases 
markedly with increasing pressure.  The pressure 
dependence of the modulus is discussed in terms of 
several factors including the following: changes in 
porosity, a shift of the glass transition temperature, 
changes in the relative contributions of the binder and the 
explosive/sucrose to the modulus, and the effect of finite 
strains, all as a function of pressure.  The pressure 

dependence of the flow stress may be due to some of 
these same factors, but is also influenced by the effect of 
pressure on crack growth processes. 
 

ACKNOWLEDGEMENTS 
 
      The authors are indebted to D.  Idar and B. Asay for 
providing the samples of PBS 9501 used in this work  
 

REFERENCES 
 

Constantino, M. and Ornellas, D., 1985:  Initial Results 
for the Failure Strength of a Lova Gun Propellant 
at High Pressures and Various Strain Rates,  
UCRL-92441.  

Constantino, M. and Ornellas, D., 1987:  The High 
Pressure Failure Curve for JA2, UCRL-95555.  

Dienes, J. K., 1998:  Strain-Softening via SCRAM, LA-
UR-98-3620. 
Dobratz, B.  M. and Crawford, P. C., 1985:  LLNL 

Explosive Handbook, Properties of Chemical 
Explosives and Explosive Simulants, Lawrence 
Livermore National Laboratory Report UCRL-
52997 Change 2, p 6-6 and p 8-6. 

Funk, D. J., Laabs, G. W., Peterson, P. D and Assay, B. 
W., 1996:  Measurements of the Stress-Strain 
Response of Energet6ic Materials as a Function of 
Strain Rate and Temperature: PBX9501 and Mock 
9501,  Shock Compression of Condensed Matter 
1995, Woodbury, New York, pp145-148.    

Handbook of Chemistry and Physics, 1945, 29th Edition.. 
Hoppel, C.P.R., Bogetti, T.A. and Gillespie, J.W Jr., 

1995:  Literature Review – Effects of  Hydrostatic 
Pressure on the Mechanical Behavior of Composite 
Materials,  J. of Thermoplastic Composite 
Materials 8, 375. 

Knudsen, F. P.1959: J. Am. Ceramic Soc. 42, 376.  
Patterson, M. S., 1964: J. Appl Phys 35, 176. 
Pinto, J. and Wiegand, D. A.1991: The Mechanical 

Response of TNT and a Composite, Composition 
B, of TNT and RDX to Compressive Stress: II 
Triaxial Stress and Yield. J. Energetic Materials 9, 
205-263.  

Pinto, J., Nicolaides, S. and Wiegand, D. A.,1985:  
Dynamic and Quasi Static Mechanical Properties 
of Comp B and TNT, Picatinny Arsenal Technical 
Report ARAED-TR-85004. 

Wang, J. C., 1984: J. Mat. Sci. 19, 801, 809. 
Ward, I. M. and Hardley, 1993:  D. W., An Introduction 

to the Mechanical Properties of Solid Polymers, 
John Wiley & Sons, New York, pp 234-236.  

Wiegand, D.  A., 2000:  The Influence of Confinement on 
the Mechanical Properties of Energetic Materials, 
Shock Compression of Condensed Matter-1999, 
Furnish, M. D., Chhabildas,  L. C., and Hixon, R. 
S., eds., American Institute of Physics, p675. 

 6



Wiegand, D. A., Pinto, J. and Nicolaides, N.,1991:  The 
Mechanical Response of TNT and a Composite, 
Composition B, of TNT and RDX to Compressive 
Stress: I Uniaxial Stress and Fracture,  J. Energetic 
Materials, 9, 19-80.  

Wiegand, D. A. and Pinto, J., 1991:  Fracture And Yield 
Strengths of Composition B and TNT as a Function 
of Processing Conditions and Composition, 
Picatinny Arsenal Technical Report ARAED-TR-
91022.  

Wiegand, D. A., 1998:  Mechanical Failure of Composite 
Plastic bonded Explosives and Other Energetic 
Materials, Proceedings of the Eleventh 
International Detonation Symposium, p 744. 

Wiegand, D. A., 1995:  Critical Strain for  
Failure of Highly Filled Composites,  Proceedings 
of the 3rd International Conference on 
Deformation and Fracture of Composites, 
University of Surrey, Guildford, U.K., pp 558- 567 
and J. Energetic Materials 21, 109   (2003).  

Wiegand, D. A., 2000:  Effect of Confinement on the 
Mechanical Response of Composite Plastic Bonded 
Explosives, Technical Report ARWEC-TR-99009, 
U.S. Army Armament Research, Development and 
Engineering Center, Picatinny Arsenal, NJ.  

Wiegand, D. A., and Reddingius, B., 2004:  Mechanical 
Properties of  Plastic Bonded Explosives as a 
Function of Hydrostatic Pressure, Shock 
Compression of Condensed Matter-2003, Furnsih, 
M. D., Gupta, Y. M., and Forbes, J. W., eds, 
American Institute of Physics, p812. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 7


